Unintentional falls are a common occurrence among older adults, affecting approximately 30% of persons older than 65 years and 50% of those older than 80 years annually.[@bib1] Falls are the leading cause of injury-related death in adults older than 65 years and the most common cause of nonfatal injuries and hospital admissions for trauma.[@bib2] Each year 3 million nonfatal fall injuries among older adults are treated in emergency departments and more than 800,000 of these patients are hospitalized. In 2015, the direct medical costs of falls, were \$50.0 billion. As the demographic characteristics of the US population shift to an increased number of elders, this problem is likely to get bigger and more expensive. Several factors contribute to falls: medications, infection, pain, muscle weakness, dehydration, etc.

Dehydration can lead to impaired brain perfusion, with subsequent dizziness and orthostasis.[@bib3] Orthostatic hypotension has been associated with falls.[@bib4] Decreased elasticity of aging tissues leads to decreased venous blood return when we arise and lowers diastolic blood pressure.[@bib5] Add to this antihypertensive or diuretic medications or diseases that decrease compensatory mechanisms and falls can occur.[@bib6] Although recent randomized controlled trials showed that antihypertensives do not increase fall risk, studies looking at the time of initiation or increase in antihypertensive medications have shown increased risk for falls, especially with diuretics, which deplete fluids.[@bib6], [@bib7], [@bib8], [@bib9], [@bib10] Although there is a theoretical association between dehydration and falls, little is known about the prevalence of dehydration in older adults or the actual association between dehydration and falls.

We studied the associations between falls, dehydration, and medication use, as well as for falls or death.

Patients and Methods {#sec1}
====================

This retrospective cohort study was based on the University of Wisconsin Health Enterprise Clarity Database in the Epic electronic health record (EHR) system and includes 600,000 patients seen each year in the Upper Midwest with approximately 1500 physicians and 16,500 staff at 6 hospitals and more than 80 outpatient sites. Data were cleaned of unreasonable covariate and laboratory values. Patient data were considered exempt by the University of Wisconsin Institutional Review Board policy.

On September 30, 2012 (baseline date), we identified 54,095 patients with 1 or more encounter within the previous year and 1 or more encounter within the 3 years after September 30, 2012 (October 1, 2012, through September 30, 2015). We chose to collect dehydration laboratory values before the time of falls reporting because many falls were reported after the occurrence and many patients did not have laboratory tests collected at the time and it provides a uniform time of dehydration assessment between those who did and did not fall. We chose a 1-year interval for laboratory result reporting because most individuals had some laboratory tests drawn within a year before baseline. Individuals were excluded if they did not have valid dehydration laboratory values or died before or on September 30, 2012, our baseline date ([Figure 1](#fig1){ref-type="fig"}). Other exclusion criteria were end-stage renal failure or liver disease (*International Classification of Diseases, Ninth Revision* \[*ICD-9*\] codes 585.6 and 570.0-573.3) at any point on or before baseline or during follow-up. In addition, patients were excluded if they reported a motor vehicle accident (codes E800-E879) or seizure (*ICD-9* codes 345.8, 345.9, and 780.39) if it occurred on or before the first fall during follow-up due to potential rhabdomyolysis affecting renal function. Laboratory values of the final cohort of 30,634 patients were positive for dehydration if any one of the following were true in the year before baseline (October 1, 2011, through September 30, 2012): serum urea nitrogen to creatinine ratio \> 20, sodium level \> 145 mg/dL, urine specific gravity \> 1.030, or serum osmolality \> 295 mOsm/kg. If multiple values were available for a particular laboratory test, the value closest in time to baseline was used.Figure 1Flow diagram of selection process for cohort group.

Outcome {#sec1.1}
-------

The main outcome measure was diagnosis of a fall during the follow-up period. Falls diagnoses were identified by *ICD-9* codes E880 to E888. The secondary outcome was the composite of fall or death during the follow-up period as determined by a death date in the EHR during follow-up. Outcome variables were assessed in the follow-up period within the 3-year period after baseline. The follow-up period ended on September 30, 2015, shortly before the transition from *ICD-9* to *International Classification of Diseases, Tenth Revision* occurred.

Use of loop diuretics, anticholinergics, antidepressants, antipsychotics, and benzodiazepines/hypnotics was identified if such medications appeared in the drug list for any of the individual's records in the year before baseline. Other covariates included baseline age, sex, race/ethnicity (white non-Hispanic, black non-Hispanic, other non-Hispanic, and Hispanic), orthostatic hypotension (by most recent orthostatic blood pressure values in the year before baseline), congestive heart failure (*ICD-9* codes 398.91 and 428.0-428.9 in the diagnosis list or problem list in the year before baseline), and insurance. Baseline insurance was categorized as Hospice if paid toward hospice care regardless of insurance source, Standard for insurance paid toward any other goal regardless of insurance source, or None for those with no insurance. Thus, regardless of insurance type (ie, Medicare, Medicaid, or private), if they had insurance and it was being paid toward hospice care at baseline, insurance was categorized as Hospice; if any insurance was paid toward nonhospice care, insurance was categorized as Standard; those without insurance were categorized as None. Although insurance is typically categorized as, for example, Medicaid, Medicare, and private, the above categorization was chosen because it more directly reflects the goal of care and thus risk for the outcomes in our study. We also report percentages of individuals who have Medicaid or Medicare in the results and in the footnote of [Table 1](#tbl1){ref-type="table"}.Table 1Sample Characteristics[a](#tbl1fna){ref-type="table-fn"}^,^[b](#tbl1fnb){ref-type="table-fn"}Whole SampleNot DehydratedDehydrated*P*N30,63419,01211,622Dehydrated, no. (%)11,622 (37.9)Fall(s) during follow-up, no. (%)3483 (11.4)1936 (10.2)1547 (13.3)\<.001Stroke(s) during follow-up, no. (%)4470 (14.6)2683 (14.1)1787 (15.4).003Died in follow-up, no. (%)3572 (11.7)2004 (10.5)1568 (13.5)\<.001Fall or death, no. (%)6463 (21.1)3637 (19.1)2826 (24.3)\<.001Stroke or death, no. (%)7219 (23.6)4226 (22.2)2993 (25.8)\<.001Congestive heart failure, no. (%)1957 (6.4)1002 (5.3)955 (8.2)\<.001Orthostatic blood pressure, no. (%)240 (0.8)133 (0.7)107 (0.9).038Depression meds, no. (%)6525 (21.3)3901 (20.5)2624 (22.6)\<.001Anticholinergic meds, no. (%)10,172 (33.2)6218 (32.7)3954 (34.0).018Psychotic meds, no. (%)1605 (5.2)981 (5.2)624 (5.4).428Hypnotic meds, no. (%)11,337 (37.0)7009 (36.9)4328 (37.2).518Loop meds~:~ no. (%)5377 (17.6)2971 (15.6)2406 (20.7)\<.001Male sex, no. (%)13,574 (44.3)9736 (51.2)3838 (33.0)\<.001Age (y), mean ± SD74.37±7.5873.80±7.2575.30±8.01\<.001Race/ethnicity, no (%) White non-Hispanic28.972 (94.6)17.933 (94.3)11.039 (95.0) Black non-Hispanic507 (1.7)385 (2.0)122 (1.0)\<.001 Hispanic354 (1.2)200 (1.1)154 (1.3) Other non-Hispanic801 (2.6)494 (2.6)307 (2.6)Insurance category,[b](#tbl1fnb){ref-type="table-fn"} no. (%) Standard25,750 (84.1)16,213 (85.3)9537 (82.1) Hospice417 (1.4)240 (1.3)177 (1.5)\<.001 None4467 (14.6)2559 (13.5)1908 (16.4)[^1][^2]

Statistical Methods {#sec1.2}
-------------------

The association between dehydration and falls was examined using logistic regression, while including various medications of interest (loop diuretics, anticholinergics, antidepressants, antipsychotics, and benzodiazepines/hypnotics) known to affect falls risk as covariates in addition to the baseline subject covariates described. A similar model using the composite outcomes of falls or death was used to examine how the associations might be affected when considering death. Model diagnostics indicated no major concerns for overdispersion or poor fit. Unadjusted covariate distributions were compared between those who did and did not fall; continuous items were compared using Mann-Whitney tests; categorical items were compared using χ^2^ or Fisher exact tests. Statistical significance was assessed at the α=.05 level for all tests. All analyses were performed using R, version 3.4.4 (R Foundation for Statistical Computing).[@bib11]

Results {#sec2}
=======

Within the EHR, 54,095 individuals were identified with the appropriate baseline age and inclusion criteria for prebaseline and follow-up encounter occurrence. Of these, 20,737 patients were excluded due to no valid laboratory value for dehydration; 36 were excluded who died on or before September 30, 2012; and 2,688 were excluded with end-stage renal failure or seizure diagnoses during or before the study period or motor vehicle accident before the first reported fall in the follow-up period. The resulting sample for analysis contained a total of 30,634 individuals ([Figure 1](#fig1){ref-type="fig"}).

Patient Characteristics {#sec2.1}
-----------------------

Mean ± SD baseline age of the study population (N=30,634) was 74.37±7.58 years and 17,060 (55.7%) were women. The population was predominantly white non-Hispanic (94.6%; n=28,972) with 507 (1.7%) black non-Hispanic, 354 (1.2%) Hispanic, and 801 (2.6%) other non-Hispanic ([Table 1](#tbl1){ref-type="table"}). Most, 24,450 (79.8%), had Medicare at baseline, and 25,750 (84.1%) had their insurance pay toward standard care (nonhospice care). Relatively few individuals, 86 (0.3%), were receiving Medicaid, and 417 (1.4%) had their insurance pay toward hospice care.

Falls and Dehydration {#sec2.2}
---------------------

A total of 11,622 (37.9%) of the 30,634 patients studied were identified as dehydrated; 3483 (11.4%) were diagnosed with at least 1 fall during the follow-up period and 3572 (11.7%) died during follow-up, with 6463 (21.1%) having either a fall or death ([Table 1](#tbl1){ref-type="table"}). In the regression model for falls alone, dehydration was positively associated with falls (odds ratio \[OR\], 1.13; *P*=.002). For the same model structure with the outcome of falls or death, dehydration was also positively associated with the composite (OR, 1.13; *P*=.001; [Table 2](#tbl2){ref-type="table"}; [Figure 2](#fig2){ref-type="fig"}).Table 2Logistic Regression Results: Falls or Falls or Death Adjusted ModelsFallsFalls or Death*P*OR EstimateOR 95% CI*P*OR EstimateOR 95% CIDehydrated.0021.131.05-1.22.0011.131.05-1.22Depression meds\<.0011.581.46-1.72\<.0011.611.49-1.76Anticholinergic meds\<.0011.241.15-1.34\<.0011.281.18-1.38Antipsychotic meds.8621.010.87-1.18\<.0011.521.32-1.76Hypnotic meds\<.0011.311.21-1.41\<.0011.371.27-1.48Loop meds.2861.060.96-1.17\<.0011.261.15-1.39Age (y)\<.0011.071.07-1.08\<.0011.071.07-1.08Male\<.0010.730.67-0.79\<.0010.790.73-0.85Congestive heart failure.2681.080.94-1.25.0021.251.09-1.44Orthostatic blood pressure.0011.691.24-2.31.0051.631.16-2.28Insurance: hospice\<.0012.331.86-2.91\<.0012.932.36-3.63Insurance: none.2701.060.96-1.17\<.00123.5021.51-25.67[^3]Figure 2Falls and falls or death outcomes logistic regression results: estimated odds ratios with 95% CIs. CHF = congestive heart failure; hypo = hypotension; med = medication.

Falls and Medication Use {#sec2.3}
------------------------

Of the 30,634 patients in the data set, at baseline, 6525 (21.3%) used antidepressants, 10,172 (33.2%) used anticholinergics, 1605 (5.2%) used antipsychotics, 11,337 (37.0%) used hypnotics, and 5377 (17.6%) used loop diuretics. The statistically significant medications associated with an increased risk for falls alone included antidepressants (OR, 1.58; *P*\<.001), anticholinergics (OR, 1.24; *P*\<.001), and hypnotics (OR, 1.31; *P*\<.001). When the outcome is the composite of falls or death, all the medications were statistically significant and positively associated with falls or death: antidepressants, OR, 1.61 (*P*\<.001); anticholinergics, OR, 1.28 (*P*\<.001); hypnotics, OR, 1.37 (*P*\<.001); antipsychotics, OR, 1.52 (*P*\<.001); and loop diuretics, OR, 1.26 (*P*\<.001).

Discussion {#sec3}
==========

This study showed strong evidence of an unadjusted association between falls and dehydration, with 13.3% (1547 of 11,622) falling for baseline dehydrated vs 10.2% (1936 of 19,012) if not dehydrated (*P*\<.001). In logistic regression, this positive association remained after adjusting for medications and other subject characteristics associated with dehydration and/or falls risk. Sensitivity analyses assessing falls risk only for those who did not die in follow-up were also performed and resulted in no meaningful change in the association between dehydration and falls risk.

Interestingly, the covariate with the strongest association with the falls or death outcome was "no insurance" (OR, 23.50; 95% CI, 21.51-25.67). Those 65 years and older without insurance and ineligible for Medicare could be at greater risk for death due to less health care support, fewer resources, or other factors that make them ineligible for Medicare, such as immigration status.

We may have underestimated the prevalence of dehydration with stringent criteria. For example, older adults rarely concentrate their urine to greater than 1.030 because of atrophy of the long nephrons that are best at concentrating urine. As dehydration worsens, creatinine level increases, potentially narrowing the serum urea nitrogen to creatinine ratio to less than 20. Our study confirmed the association of death with antipsychotics, which led to the black box warning for this class of drugs.[@bib12]

Older adults are at greater risk for dehydration because of several normal aging changes that occur throughout our lifespan. As we age, we feel less thirsty because of apoptosis of the hypothalamus, the thirst center location.[@bib13]^,^[@bib14] Apoptosis of neurons in the pituitary result in decreased antidiuretic hormone production. The aging kidney is less responsive to antidiuretic hormone and less able to concentrate urine with increasing age.[@bib15]^,^[@bib16] Our body water content also decreases from 70% at birth to 40% in older women and 45% in older men, leading to decreased fluid reserve.[@bib17] In addition, many older adults limit their fluid intake in an attempt to prevent urinary and fecal incontinence.

Greater fluid losses in urine and less reserve increase adverse effects of dehydration. The Institute of Medicine recommends 2.7 L (91 ounces) of total water for women and 3.7 L (125 ounces daily) for men, with about 80% of it coming from beverages.[@bib18] They also state that most healthy people adequately meet their daily hydration needs by letting thirst be their guide. As we age, apoptosis of the hypothalamus decreases thirst and the risk for dehydration increases.[@bib14]

The ultimate goal is adequate hydration of our patients for optimal outcomes. As physicians we are responsible for identifying these aging changes and encouraging oral hydration, which improves blood osmolality better than intravenous fluids.[@bib19] Many simple and cost-effective tools to help patients keep track of fluid intake exist: arranging 8 toothpicks near the sink and moving 1 toothpick with each glass of water to the other side of the sink, filling a half gallon pitcher of water that needs to be drunk by the end of the day; associating drinking with a common activity such as seeing a television commercial or answering an e-mail, or using a smartphone app that has an alarm reminder feature. The efficacy of these interventions to decrease patient-oriented outcomes needs to be tested in future studies.

Several limitations should be considered, including potential underreporting of falls by patients who may fear institutionalization. In addition, providers may not have listed falls because other diagnoses were perceived as more important or because the *ICD-9* code required the date of the fall, which may not be remembered by patients. The observational nature of these data prevents us from controlling for confounder through study design, necessitating control by statistical analysis. This study sample is a set of individuals self-selecting to interact with a single health care system. Therefore, risk estimates may not reflect what might be found in a statewide or nationwide representative sample. The laboratory values we used for dehydration are affected by medications, such as diuretics, and diseases, such as kidney failure. We excluded patients with a diagnosis of kidney failure, but there may have been an overlap of patients with kidney failure having been dehydrated that we excluded, and those with abnormal laboratory test results for dehydration having kidney failure.

Finally, we used a large observation window to capture exposures and outcomes. Using a snapshot of 1 year for laboratory identification of dehydration and the later (up to 3 years) identification of a fall could lead to missing or overidentifying associations. Obtaining laboratory results and medications in closer proximity to the time of the fall may be more accurate but may also miss many cases that did not have laboratory tests done upon presenting for a fall or did not fall. Being able to more regularly assess a cohort for dehydration would give a better estimate of association between dehydration and falls risk.

Conclusion {#sec4}
==========

There is strong observational evidence that supports an association between falls and dehydration and falls and the use of loop diuretics in the 65 year and older population. A future pragmatic trial of nursing homes that implement a hydration program, looking at patient-oriented outcomes of function, cognition, falls, and death, is warranted.
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[^1]: Meds = medication.

[^2]: In the whole sample, 24,450 (79.8%) had Medicare and 86 (0.3%) had Medicaid. For those not dehydrated, 15,354 (80.8%) had Medicare and 43 (0.2%) had Medicaid. For those dehydrated, 9096 (78.3%) had Medicare and 43 (0.4%) had Medicaid.

[^3]: Meds = medications; OR = odds ratio.
